The neutrophil-lymphocyte ratio (NLR) is an immune response-related indicator and it is associated with poor prognosis of various cancers. The carbohydrate antigen19-9 (CA19-9) is a tumor-associated antigen and it has prognostic relevance in gallbladder carcinoma (GBC). We aimed to analyze whether preoperative NLR and serum CA19-9 were associated with outcomes of GBC patients after surgery with curative intent.
Introduction
Gallbladder carcinoma (GBC) is the most common malignancy of the biliary tract. It is more common in some developing countries [1] and accounts for about 1% of all cancers in China. [2] Curative resection is the only potentially curative therapeutic option for GBC. [3, 4] However, early diagnosis of GBC is difficult because its early symptoms are usually nonspecific and highly invasive character. [5] Therefore, the curative resection rate (22%-38%) is low. [3, 4] Under standard treatments, the overall 5-year survival rate of GBC (2.7%-20.1%) is still unsatisfied. [6, 7] The prediction of tumor progression after curative resection is limited to the use of histopathological features such as resection margin, differentiation, tumor size, and lymph node metastasis.
Recently, some factors have been reported to be related to a poor prognosis of GBC. [8, 9] There is increasing evidence correlating the presence of inflammation with tumor progression and metastasis. The Onodera's prognostic nutrition index (PNI), neutrophil-lymphocyte ratio (NLR), and platelet-lymphocyte ratio (PLR) have been identified as significant predictor for patients' survival in various different tumors, such as gastric cancer, malignant mesothelioma, and colorectal cancer. [9] [10] [11] The carbohydrate antigen 19-9 (CA19-9) is a tumor-associated antigen. It is a widely used marker for biliary and pancreatic tumor. For the diagnosis of GBC, its sensitivity and specificity are 77.5% and 68.7%, respectively. [12] Moreover, CA 19-9 has been reported to be a prognostic marker in various tumors. [13, 14] Thus, the purpose of this study was to explore the roles of preoperative NLR and CA19-9 in the prognosis assessment of the patients with curative resection for GBC.
Patients and methods

Patients and data collection
Data from 90 respectable GBC patients after surgery with curative intent at West China Hospital of Sichuan University between January 2010 and May 2015 were reviewed retrospectively. All final diagnoses were confirmed by pathologic examination. The resection with curative intent was defined as R0 or R1 resections. [15] Clinical and pathological data were collected, including age, sex, body mass index (BMI), and serum parameters such as hemoglobin, white blood cell count (WBC count), platelet count, total bilirubin, CA19-9, carcinoembryonic antigen (CEA), nutritional, and inflammatory markers such as PNI, NLR, and PLR, type of resection and tumor differentiation were analyzed. The measurement of serum parameters was performed within 1 week before the operation. In our study, hemoglobin, WBC, platelet count (PLT), Mean ± SD = mean ± standard deviation (SD), n = number, BMI = body mass index, CA 19-9 = carbohydrate antigen 19-9, CBD = common bile duct, CEA = carcinoembryonic antigen, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, PNI = (10 Â Albumin) + (0.005 Â Total lymphocyte count), PNI = Onodera prognostic nutrition index, T-Bil = total bilirubin, TNM = tumor, node, metastasis classification system, WBC = white blood cell count. * x 2 test or Student's t test. BMI = body mass index, CA19-9 = carbohydrate antigen 19-9, CBD = common bile duct, CEA = carcinoembryonic antigen, NLR= neutrophil-to-lymphocyte ratio, PNI = (10 Â albumin) + (0.005 Â total lymphocyte count), PLR = platelet-to-lymphocyte ratio, PNI = Onodera prognostic nutrition index, T-Bil = total bilirubin, TNM = tumor, node, metastasis classification system, WBC = white blood cell count. * x 2 test or Student t test.
Liu et al. Medicine (2019) 98:8 Medicine neutrophil, and lymphocyte count were determined with XE-2100 and XE-5000 systems (Sysmex Corporation, Kobe, Japan). Serum Albumin (ALB) was determined with a cobas 8000 analyser (Roche, Mannheim, Germany). Serum CA 19-9 and CEA were determined with a cobas E601 system (Roche, Mannheim, Germany). CA19-9 > 37 U/mL and CEA > 3.4 ng/ mL were the upper limits of normal. The PNI consists of serum ALB and lymphocyte count, reflecting the inflammation and nutritional status of the host. The NLR was defined as the ratio of neutrophil the count to the lymphocyte count, and the PLR was defined as the ratio of the PLT to the lymphocyte count.
Staging was according to AJCC 7th edition criteria for GBC. [16] This study complied with the standards of the Helsinki Declaration and current ethical guideline and was approved by the Institutional Ethical Board of West China Hospital of Sichuan University.
Study grouping and surgery
We used mean value as the cutoff point of NLR and CA19-9.
The cutoff values of NLR and CA19-9 were 4.33 and 250.90 U/ mL, respectively. Patients were classified using the cutoff values of NLR and CA19-9 and were divided into 4 different groups as follows: the high NLR group (NLR ≥ 4.33), the low NLR group (NLR < 4.33), the high CA19-9 group (CA19-9 ≥ 250.90 U/mL), and the low CA19-9 group (CA19-9 < 250.90 U/mL).
As a combined utilization of NLR and CA 19-9, patients were divided into 3 groups: patients with NLR < 4.33 and CA19-9 < 250.90 U/mL were group I, patients with either of NLR ≥ 4.33 or CA19-9 ≥ 250.90 U/mL were group II, and patients with Table 4 Clinical pathological factors of patients with CA19-9 < 250.90 U/mL compared with CA19-9 ≥ 250.90 U/mL. BMI = body mass index, CA19-9 = carbohydrate antigen 19-9, CBD = common bile duct, CEA = carcinoembryonic antigen, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, PNI = (10 Â albumin) + (0.005 Â total lymphocyte count), PNI = Onodera prognostic nutrition index, T-Bil = total bilirubin, TNM = tumor, node, metastasis classification system, WBC = white blood cell count. * x 2 test or Student t test. BMI = body mass index, CA19-9 = carbohydrate antigen 19-9, CBD = common bile duct, CEA = carcinoembryonic antigen, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, PNI = (10 Â albumin) + (0.005 Â total lymphocyte count), PNI = Onodera prognostic nutrition index, T-Bil = total bilirubin, TNM = tumor, node, metastasis classification system, WBC = white blood cell count, group I were patients with NLR < 4.33 and CA19-9 < 250.90 U/mL, group II were patients with either of NLR ≥ 4.33 or CA19-9 ≥ 250.90 U/mL, group III were patients with NLR ≥ 4.33 and CA19-9 ≥ 250.90 U/mL. * x 2 test or Kruskal-Wallis test.
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appropriate treatment to obtain curative resection. For T1b-T4 GBC, radical surgery was performed with curative intent. When tumor had invaded the surrounding organs including common bile duct (CBD), colon, and omentum, the goal of surgical intervention was to achieve a negative margin. In this study, we did not include patients with vascular resection and reconstruction.
Definition of margin status and follow-up
The definition for R0 margin status was a radical resection without the microscopic involvement. Microscopic and macroscopic residual tumor was defined as R1 and R2, respectively. Follow-up of patients were performed through outpatient visit or by telephone. The overall survival (OS) period was defined as the interval from the date of the initial diagnosis of GBC to death or last followed-up. Patients who were alive at the last visit (May 2017) were considered the censored data.
Statistical analysis
Continuous variables were presented as the mean ± standard deviation (SD) and were analyzed using 
Results
In our study, 90 patients who underwent surgery with curative intent for GBC were included. There were 64 females (71.1%) and 26 males (28.9%). The mean values of all serum parameters and the results of univariate analysis of OS are shown in Table 1 . We used mean value as the cutoff point of each parameter. The cutoff values of NLR and CA19-9 were 4.33 and 250.90 U/mL, respectively. The univariate analysis demonstrated that CA19-9 (P < .001), NLR (P < .001), PNI (P = .001), TNM (tumor, node, metastasis classification system) stage (P < .001), lymph node metastasis (P < .001), the degree of tumor differentiation (P < .001), margin status (P < .001), and combined hepatectomy (P = .001) were significant prognostic factors (Table 1) . Therefore, the above factors were related to the survival of patients with GBC. The multivariate analysis indicated that NLR (hazard ratio (HR) = 3.840, P < .001), CA19-9 (HR = 2.230, P = .004), TNM stage (HR = 3.864, P < .001), lymph node metastasis (HR = 1.679, Figure 1 . Overall survival of gallbladder carcinoma.
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Clinical pathological factors of patients with NLR < 4.33 compared with NLR ≥ 4.33
The relationship between clinical pathological factors and NLR is presented in Table 3 . There was no significant difference in sex, age, BMI, hemoglobin, platelet count, total bilirubin, CEA, combined hepatectomy, combined CBD resection, and lymphadenectomy of the patients with high NLR group compared with low NLR group (P > .05). However, with respect to WBC count, CA19-9, PNI, PLR, TNM stage, lymph node metastasis, the degree of tumor differentiation and margin status, there were significant difference between the high and low NLR groups (P < .05).
3.2.
Clinical pathological factors of patients with CA19-9 < 250.90 u/mL compared with CA19-9 ≥ 250.90 u/mL
There was no significant difference in sex, age, BMI, hemoglobin, WBC count, platelet count, total bilirubin, CEA, lymph node metastasis, combined hepatectomy, combined CBD resection, and lymphadenectomy between the high CA19-9 group and low CA19-9 group (P > .05) ( Table 4 ). In contrast, we found significant differences in NLR, PNI, PLR, TNM stage, the degree of tumor differentiation, and margin status of the patients with high CA19-9 group compared with low CA 19-9 group (P < .05) ( Table 4 ).
Comparison of clinical pathological factors of GBC patients grouped according to NLR and CA19-9
The results indicated that there was no significant difference in sex, age, BMI, hemoglobin, WBC count, platelet count, total bilirubin, combined hepatectomy, combined CBD resection, and lymphadenectomy for each group (P > .05). However, we found significant differences in CEA, PNI, PLR, TNM stage, lymph node metastasis, the degree of tumor differentiation, and margin status for each group (P < .05) ( Table 5 ).
Survival analysis
During the follow-up, 79 patients (87.8%) died and 11 (12.2%) were censored at the last follow-up. Among the entire cohort, the 1-, 3-, and 5-year OS were 68.9%, 23.1%, and 10.7%, respectively (Fig. 1) . Patients in the low NLR group (26 months) had a better median survival time compared with patients in the high NLR group (10 months; P < .001, Fig. 2 ). Similar to NLR groups, we found patients in the low CA19-9 group (25 months) had a better median survival time compared with patients in the high CA19-9 group (10 months; P < .001, Fig. 3 ). Moreover, the median survival times in the high NLR and high CA19-9 group (group I) and the low NLR and low PLR group (group III) were 28 months and 9 months, respectively. Comparison of postoperative survival between 2 groups showed statistical significance (P < .001, Fig. 4 ). 
Discussion
Prognosis for GBC is typically poor. The most accurate and effective predictor of long-term survival for postoperative GBC patients is currently pathological TNM stage. However, it can only be properly assessed after surgery. In recent years, some other clinical pathological factors have been found to be related to GBC prognosis and metastasis. [17] However, it remains controversial whether they have a good clinical significance. Furthermore, it needs to be pointed out these also can only be evaluated postoperatively. In our study, we evaluated the preoperative parameters to predict subsequent prognosis after surgery for GBC. Our study demonstrated that elevated NLR and CA19-9 values can be the simple and effective means of predicting the prognosis of GBC before surgery. We found that the baseline NLR and CA19-9 (mean value) in our institute were independent prognostic determinants for OS (NLR, HR 3.840, 95% CI: 2.122-6.947, P < .001; CA19-9, HR 2.230, 95% CI: 1.297-3.835, P = .004). Compared with TNM stage, NLR and CA19-9 as prognostic markers in clinical practice have many advantages, such as easy measurement, good replicability and low cost, application in preoperative assessment, and so on.
In our study, we found the preoperative NLR was an important independent prognostic factor of GBC patient. Neutrophils play pivotal roles in tumorigenesis and have a significant impact on the microenvironment of tumor. It can produce various cytokines and chemokines, which influence the activation and recruitment of inflammatory cells and play an important role in tumor cell proliferation and metastasis. [18] In contrast, lymphocytes can monitor the immune system of tumors and also prevent tumor cells from maturing. [19] It has been reported that the reduction of total lymphocytes in blood is an indicator of adverse outcomes in patients with pancreatic cancer. [20] In other words, NLR is an amplified risk factor for predicting of the systematic inflammation conditions. Consistently, NLR has been shown to be a potential prognostic factor in various tumors including lung, breast cancer, liver, stomach, and colorectum. [21, 22] The relationship between cancer progression and systemic inflammation has been supported and NLR is getting more attractive, because NLR is readily measurable in peripheral blood and directly reflects the systemic host inflammatory response.
NLR is related to GBC prognosis and is a potential prognostic indicator for GBC. Zhang et al [9] investigated the importance of NLR in 316 GBC patients. The authors established 2.61 as the cutoff value of NLR, and their results demonstrated that NLR was a prognostic indicator for patients with GBC. Beal et al [23] analyzed the data of 187 patients and concluded that NLR was associated with the prognosis of GBC patients. Zhang et al [24] reported NLR and PLR were closely associated with the prognosis of GBC patients. The cutoff values of NLR in the Zhang, Beal, and Zhang studies were 2.61, 5.0, and 1.94, Figure 3 . The univariate survival analysis for the survival time of patients in the low (CA19-9 < 250.90 U/mL) and high (CA19-9 ≥ 250.90 U/mL) CA19-9 group by Kaplan-Meier (P < .001).
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respectively. There is still considerable variation about which cutoff value of NLR can be used to stratify the treatment option. This may be attributed to differences in study population, primary site of cancer, and whether values relate to patients following curative resection. In our study, we determined a threshold value of mean value (4.33) as the cutoff value. The multivariate analysis demonstrated that there was a significant correlation between NLR ≥ 4.33 and poor clinical outcome. Moreover, it highlighted the independent value of this parameter. Additional studies are required for final establishment of the optimal cutoff value of NLR for clinical application. CA19-9 is a tumor-associated antigen, initially reported by Koprowski et al. [25] It has been shown that CA19-9 is a prognostic indicator in GBC. [26] However, the optimal cutoff value has remained controversial. In our analysis, we used 250.90 U/mL as the cutoff point of CA19-9. In multivariate analysis, it was proven to be an independent prognostic factor. Moreover, Selvakumar et al [27] demonstrated that surgery after neoadjuvant chemotherapy was workable and might improve survival in selected patients. Another study reported that neoadjuvant therapy in unresectable GBC resulted in a 15% resectability rate. [28] The use of CA19-9 might provide opportunity for guiding personalized neoadjuvant therapy in patients with GBC.
Based on the combined utilization of NLR and CA19-9, individualized prediction of postoperative prognosis was available, such as good in group I, moderate in group II, and dismal in group III. In patients with elevation of NLR and CA19-9 (group III, dismal), implementation of aggressive procedures should be carefully evaluated, considering the decreased prognostic benefits and increased postoperative morbidity. On the contrary, in patients without elevation of either NLR or CA19-9 (group I, good), surgeons should not easily make concessions to palliative resection, even when the invasion is extended on radiological imaging.
In previous studies, it has been reported that higher TNM stage, lymph node metastasis, and a positive resection margin predict poor denouement in GBC patients. [29] Patients were divided into stage T1/T2 and stage T3/T4 groups because of the small study group. Our study supports these findings because we found significantly lower survival in stage T3/T4, tumors with lymph node metastasis, and patients with R1 resection. This was confirmed by Cox regression analyses, indicating that TNM stage, lymph node metastasis, and margin status were independent prognostic determinants for OS (TNM stage, HR 3.864, 95% CI: 1.819-8.207, P < .001; lymph node metastasis, HR 1.679, 95% CI: 1.005-2.805, P = .048; margin status, HR 1.873, 95% CI: 1.063-3.300, P = .030). Some authors reported that lymph node status has always been one of the strongest predictors of a poor prognosis in postoperative GBC. [30, 31] Lymph node metastases are common for GBC. The incidence of lymph node metastases increases along with the T stage, reaching 60% to 80% in stage T3-4. [32, 33] Lymph node status has been conventionally described in 3 ways: location of the metastatic lymph node, number of metastatic lymph nodes, and ratio of metastatic lymph nodes to the number of retrieved lymph nodes. [34] A study by Amini et al [35] demonstrated that among the patients who had 4 or more lymph nodes examined, the log odds of metastatic lymph node had the best discrimination ability. Curative resection is the only effective treatment for GBC. In our study, margin status was an independent prognostic factor for OS. As expected, patients with R1 resection had a significantly worse survival than R0 resection. Therefore, we believe that R0 resection should be attempted whenever possible on the premise of ensuring patient safety.
However, there were some limitations to be taken into account in the present study. First, our study was performed in a retrospective design. Second, it was a single-center sample size. Furthermore, our study did not integrate NLR, CA19-9, and other statistically significant variables into a new equation to increase the sensitivity and specificity, and it lacked a validation group for consolidation. Further multicenter, larger prospective studies are required to validate our findings. Meanwhile, the cutoff values of preoperative NLR and CA19-9 should be determined in a prospective manner. Further studies should also focus on proposing equations to improve the sensitivity and specificity of NLR, CA19-9 and other statistically significant variables, and establishing validation group for consolidation.
In conclusion, the preoperative NLR and CA19-9 in our institute were independent prognostic determinants for OS. That is to say, the preoperative NLR and CA19-9 are associated with prognosis of GBC patients and may be useful for the evaluation of prognosis of patients with GBC. High NLR and high CA19-9 were predictors of poor long-term outcome among patients with GBC undergoing curative surgery. Further independent prospective trials should be requested to confirm these results.
